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(ii) Mask generation and identification of interacting pillars: The standard image processing 90 technique of background subtraction cannot be used to identify the interacting pillars because 91 they are in the background. Moreover, many pillars are never touched by the worm in the 92 entire movie and tracking all of them will be computationally expensive. In order to avert 93 background subtraction and isolate only the deflected pillars, a "mask" is created, which as 94 shown in main text Fig. 2d contains the worm trajectory with contiguous pillars only. This mask 95 is generated by segmenting the foreground using the threshold and regionprops operations. As 96 the worm trajectory is the largest object in foreground, keeping the largest object by area in the 97 mask will retain the regions where the worm is interacting with the pillars and eliminates the 98 untouched pillars. The circles on the mask are then filled and dilated.
99
(iii) Tracking of objects: Once the mask is generated from the entire image stack, we apply it to 100 each of the video frames and determine contiguous objects (main text Fig. 2f ) using 101 regionprops function based on the nearest neighbor algorithm 2 . Taking all the contiguous created for each pillar object, which we call pillar-object-track (POT). If a pillar in a particular frame is touching a worm, then the corresponding POT will have a gap at that point. Thus, the gap information in the pillar track determines the frames when the pillar was deflected and is 111 used for deflection measurement. The rest of the frames are used for determination of pillar 112 base location and radius. Thus, the POTs contain only the untouched pillars. This approach 113 reduces the computation time significantly.
114
(iv) Identification of approximate pillar coordinates in the arena. Independent of steps (ii) -(iii), 115 in parallel, we take the background image (main text Fig. 2c ) and analyze it to identify the 116 approximate coordinates of each pillar. Given that experimentally, the rows of pillars are 117 slightly misaligned with respect to the image edge, here we also calculate the rotation angle for 118 the background image to correct this misalignment.
119
To identify the approximate pillar coordinates, we apply the CHT, which finds the rims of pillars 120 in the background image 3 . We note that implementing MATLAB's imfindcircles does not locate 121 all the pillar rims, because it is optimized to find filled disks. In addition, as shown in the main 122 text Fig. 2h , rather than having uniform thin-rimmed annuli, the pillar rims are somewhat like 123 the Chinese Taijitu (i.e. Yin-Yang) symbol when being pushed hard by the worm. It is found that 124 imfindcircle often fails to locate actual pillar rims in this case.
125
To address this issue, we implement the CHT where it looks for as many circles as it can with a 126 given radius (user supplied) plus or minus 10% (main text 
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We note that when we apply the CHT, the pillar rims are reduced to 2-3 pixels lining the interior 152 of the rim (see main text Fig. 2i ), since of all the alternatives available this corresponds most 153 closely to the actual pillar extents. If we do not perform this attenuation operation, the radius 154 value is too large since shadowing is more extensive outside than inside the pillar.
155
In general, we find that our videos contain at least one image where the undeflected states of 156 an interacting pillar is captured, allowing us to accurately determine the pillar base location (as 
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In some instances, we do observe large deflections of the pillars, in which case the interior 168 region of the pillar is more of an ellipse rather than a circle. Even in this case, the CHT works 169 (main text Fig 2j) because the exterior perimeter in the direction of deflection will give a fairly 170 trustworthy view of the actual pillar circumference since the shadowing is all on the inside of 171 the pillar image (caused by light scattering due to the rounded sides of the pillar). In the other 172 direction, the shadowing is blocked by the worm's body, but the pillar itself is hard enough to 173 press into the worm without being noticeably deformed. Due to tilt the actual shape is an 174 ellipse, but the eccentricity is low enough that the CHT still finds a circle using the base radius.
Interaction of animals with sidewalls of pillar chamber and its effect on strength (f95): We found 176 that animals sometime prefer to interact with the side walls of the pillar arena. We observed 177 that worms either (i) crawl along the wall and come back to the main arena in a continuous 178 stroke ( Supplementary Figure 2a) , or (ii) move back and forth along the wall and spends longer 179 duration along the wall (Supplementary Figure 2b) , or (iii) try to make turns between the 180 narrow space of the wall and the very first pillar from the wall (Supplementary Figure 2c) .In 181 case (i), f95 calculated for the frames where the worm body is touching the wall was found to be 182 less than the f95 for the frames when the worm was not touching the wall (Supplementary 183 Figure 2d ). In case (ii), f95 could not be calculated as there was no frame available in which the 
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(iii) Constitutive law. In this study, we assume that the PDMS pillars are elastic, i.e. the rate at 226 which the nematode pushes the pillars does not influence our force estimates. However, 227 depending on the loading rate, PDMS can be a viscoelastic material 9 . In the study by Lin et al., 
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The PDMS modulus value used in this study is E = 2.6 MPa, which was obtained from literature 9, 234 11, 12 . The procedure used in our work to fabricate the PDMS pillars is very similar to that used in 235 these prior studies suggesting this value is an appropriate choice. Any error in estimating E does 236 not alter the trends reported in this study.
237
(iv) Point of force application. An important consideration in the force calculation is the choice 238 of where exactly on the pillar the worm is applying its load, denoted by the parameter l in Eqn.
239 (1) . Assuming the applied force is a point load, one obvious choice is that the load is being 240 applied from the center of the worm body width as shown in Supplementary Figure 3b as 241 option I. The second choice is that the load is being exerted at the center of the projected area 242 that the worm body presses against the pillar, shown as option II in Supplementary Figure 3b .
243
For the two choices, the estimated forces vary by 17% for L4 and 26% for the fully developed 244 worms.
245
In this study, we used option II since experimentally we observe that force applied on the pillar 246 by the worm causes local deformation in the worm body, and the contact force appears to be 247 distributed across the worm cuticle. Moreover, when using option I, we find that in some cases 248 l > h, making it unphysical in the sense that the location where the load is being applied is not 249 actually on the pillar.
250
In summary, considering all the factors that might influence the accuracy of force calculation,
251
Eqn. (1) is a reasonable choice for determining forces from the pillar deflections for the 252 micropillar geometry used in our study. Any inaccuracies will propagate the error, however, the 253 trends we report will remain unchanged since the same analysis procedure was used in the 254 entire study. 
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Using the above heuristics, we tested a microfluidic device that contained a composite arena 283 with three levels of confinement due to the distinct pillar regions A1, A2, and A3. The pillar 284 dimensions and confinements for each of the pillar regions are listed in Supplementary Table 1 .
285
The crawling amplitude A and wavelength λ of young adults crawling on agar have been 286 reported to be 100 ± 10 and 830 ± 20 µm respectively 15 . The data in Supplementary Table 1   287 shows that in the composite arena the amplitude is similar to that of agar, but the wavelength 288 is reduced significantly. Yet, we observe that the animals are able to crawl without getting 
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Past studies have used an average force value as the metric to report the voluntary forces that 300 C. elegans exerted on the interacting pillars. Here favg is defined as the average force registered 301 per pillar, which is then averaged over all frames 8 . To check the reliability of favg in scoring C.
302
elegans muscle strength, we used the same force data (for both WT and unc-112) that has been 303 used in main text, Fig. 8 . We found that the slope is consistently lower than unity for wild type 304 between the arenas for wild type as shown in Supplementary Fig. 4a 
